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Outline

• Brief description of the physics and 
concepts.

• New simulations of FNAL beam/spectra and 
event rates.

• Current physics sensitivity calculation. 

• Comparisons.

• List of open issues. 
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Fermi motion dominated

Want beam in 0-6 GeV range !



CPV term
approximate
dependence

~L/E
solar term

 ~7500 km
no CPV.
magic bln

linear dep.
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28 GeV

60 GeV
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Observations 
• Sensitivity to CP is independent of distance 

after ~1000km   

• 1300 km => high statistics, smaller effects.                    
2500 km => bigger effects, smaller statistics

• The size of detectors and beam power needed 
does not depend on theta_13 (as long as it is 
not very small, S. Parke)

• The “solar” term could be observed with large 
L/E.   It has to be present in any experiment 
sensitive to CP violation.
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wideband low energy (WBLE)

• Low energy wideband 0.5-6 GeV. Ep = 28 GeV. 200 m decay 
tunnel with 4 m diameter. This spectrum used for all sensitivity 
estimates so far.  This is called OLD spectrum from now on.

• FNAL-HS (1300km) nu CC rate:  3.5 evts/kT/1e20POT

• FNAL-HS (1300 km) anti-nu CC:  1.12 evts/kT/1e20POT

Ep=28 GeV Ep=28 GeV
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New work on flux from FNAL based on NUMI Monte Carlo
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From M. Bishai

Old
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Event rates and optimization

Beam scenario Tunnel numu CC
/10^20 POT*kT

Total rate
5e7 sec

CC(nue/
numu)

WBLE 60GeV R=2m L=380
13

(1300km)
202800

(300kT*1MW)
0.9%

WBLE 40GeV R=2m L=380
6 

(1300km)
140400

(300kT*1MW)
0.9%

WBLE 28GeV R=2m L=380
3.4

(1300)
114240

(300kT*1MW)
0.8%

WBLE 28GeV R=2m L=380
2.4 

(1300)
80640

(300kT*1MW)
0.6%

NUMI-ME
-120GeV 12km 

offaxs
R=1m L=677

20.3
(810km)

15625
(30kT*1MW)

2.2% 
(integrated)

NUMI-ME
-120GeV 40 km 

offaxs
R=1m L=677

0.9 
(810 km)

1170
(50kT*1MW)

5.5% 
(integrated)

Total POT (1020) =
Beam power(kW )

1.6Ep(GeV )
× time(107sec)
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Beam summary
• Higher confidence in event rates with new 

Monte Carlo. 

• Have used WBLE (28 GeV) with old 
simulations for sensitivity calculations, but it 
is close to new simulations.

• Assume total exposure for WBLE to be 
2500kT*MW*(10^7)sec for each polarity. 

• 5 years of running at 1.7e7 sec/yr with 
300kT for each polarity. 

• At 60 GeV running 0.5 MW may be enough 
for total event rate (tails need examination).
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νe Appearance

Backgrounds

• beam νe

• Neutral current events

ν running

• measure sin2 2θ13 and δCP .

• resolve mass hierarchy for sin2 2θ13 > 0.01

• with ν̄ running sin2 2θ13 > 0.003 at 90% C.L.

If sin2 2θ13 too small δCP cannot be measured. (See Patrick’s
curves).
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• Will need higher 
power to 
compensate for 
cross-section. 

• For normal 
hierrachy higher 
peak is suppressed. 

• For reversed it will 
be enhanced. 
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Text

Very easy to get this effect
Does not need extensive pattern 
recognition. Can enhance the second 
minimum by background subtraction.
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includes anti running, but large fraction of the 
result is from nu running for normal hierarchy
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CP measurement
• Assume 10% 

systematic errors on 
background. 

• Plot look the same for 
reversed hierarchy. 

• Independence CP 
resolution of theta_13 
explicitly proved.

• All ambiguities are 
resolved.  
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Preliminary comparison to off-axis 
program with a second detector

For 40 km off axis spectra 
background from kaon peak not  in calculation
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• WBB:                               
nu:200kT*1MW*6yr.    
antinu: 200kT*1MW*6yr          
syst: 10% on bck                   
Antinu running is over-
constraint for normal 
hierarchy.

• T2HK:                                          
nu: 1000kT*4MW*3yr           
antinu: 1000kT*4MW*3yr         
syst: 2% on bck

• NOVA2:                                
nu:30kT*2MW*6yr+                 
80kT*2MW*3yr                     
antinu:  same*6yr+3yr              
syst: 5% on bck                           

Assumptions

Preliminary result out of FNAL workshop



Detector
• >300 kT fiducial mass for both proton decay and 

neutrino astro-physics and neutrino beam physics.

• ~10% energy resolution on quasielastic events.

• muon/electron separation at <1%

• 1,2,3 track event separation.

• Showering NC event rejection at factor of ~20.

• Low threshold (~5 MeV) for solar and supernova 
physics.

• Time resolution ~few ns for pattern recognition and 
background rejection. 

Water Cherenkov can satisfy these requirements
Not magic. Performance is obtained by giving up large fraction of 

potential signal CC events; and using the kinematics of NC events. 

Previous issues
being solved
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Simulations

• Strategy: Get clean single lepton events and throw 
out as everything else even if it reduces events.

• Detailed simulation of backgrounds and resolution 
are continuing (see work of Stony Brook group) 

• Fast simulation is adjusted to conform to above. 

• See www.fnal.gov/directorate/DirReviews/
Neutrino_Wrkshp.html

• The simulated background and signal spectra are 
fed into GLoBES to make sensitivity calculations 
with a fit. 
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Simulation status so far (from Yanagisawa)
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Open issues on detector

•
• Can we push NC backgrounds further. 

• Fiducial volume for muons.  For electrons we can rely on 
SK simulations. 

• PMT coverage: 20 % adequate from SK experience. 40% if 
very low threshold is needed.

• PMT size: 13 inch versus 20 inch. Greater number of pixels 
will give better pattern recognition.

• Size of detector: very difficult to increase span. If made 
bigger has cost and schedule implications. 
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Open issues on beam 
• What is the correct proton energy and power level from 

FNAL 

• What is the cost of a new beam

• To get intensity at low energies must have ~4 meters 
diameter tunnel. It is clear that 4 m dia and 380 m length is 
a big win !

• How should we tailor the spectrum for maximum signal/
noise ?

• If tunnel is wide WE CAN ALWAYS RUN OFFAXIS by 
moving and tilting the horn/target. (upto 1 deg.) 

• What is the time sequence ? 
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Summary

• I reviewed the physics considerations for a long 
baseline and very long baseline program. 

• New simulation results on a wide band low 
energy beam were reported. 

• A CP program with a large detector in DUSEL 
and a new beam with current FNAL 
accelerator intensity looks promising. 



M.Diwan
30

 4850ft: 
100kT

~3M mu/yr

depth meters water equivalent 

Deep option

Site proposed here

with rate of 1 mu/10 
sec => may not need 

veto-counter

The Beam neutrinos 
will be obvious with a 
rate of 100-200/day in 

10 mus spills.

No pattern recognition 
beyond time cut is 

needed. 
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